Objective: To determine if results from randomized clinical trials of donepezil in Alzheimer disease (AD) [953][954][955][956][957][958][959][960] 
S
everal randomized clinical trials (RCTs) have demonstrated the efficacy and safety of donepezil and other cholinesterase inhibitors (ChEI) in treating Alzheimer disease (AD) patients for periods of time up to six months. Two of these studies provided the "pivotal" phase III data for U.S. Food and Drug Administration (FDA) marketing approval of donepezil. 1, 2 However, for the practicing clinician, this research information is limited by both the short duration and by the restrictive subject selection criteria that excluded a number of patients from participating. Most clinicians are interested in practical information regarding the longer-term effects of donepezil on the patients typically seen in their practice.
A significant step toward reducing this information gap was made by a Northern European RCT of donepezil. 3 This Nordic trial was longer (one year) than any previous RCTs. The issue of restrictive subject selection remains, however, because the Nordic trial retained some of the usual RCT subject exclusions. Such limitations reduce the useful information about donepezil for the many practitioners. For example, an earlier study of community-dwelling AD patients evaluated at most of the California sites collaborating in this present research study indicated that about 90% of them would be excluded from typical RCTs of anti-AD medications because of comorbid illnesses, concomitant medications, or other clinical characteristics. 4 Thus, many AD patients treated by community physicians would be excluded from RCTs.
We constructed this present, prospective California study from a subset of AD patients who were participating in ongoing, clinical observational studies. Our aim was to determine how well information from the Nordic RCT translates to AD patients who receive their care in more general clinical settings and hence are treated with anti-AD drugs in a nonrandom fashion. An additional goal was to demonstrate the utility of signal detection-based propensity analyses in clinical observational studies. These analyses help identify any biases for certain groups of patients to receive one treatment rather than another. Identifying such biases and determining their impact on treatment outcomes permit more precise interpretations of observational studies. To facilitate comparisons with the Nordic findings, we limited this California study sample to AD patients who identified themselves as white non-Hispanics. Recent California research indicates that compared with white patients with AD, Hispanics and other ethnic minority patients are less likely to take ChEI drugs. 5 The industry-sponsored Nordic study was conducted in the late 1990s and might have been impacted by the introduction of donepezil to the market in the midst of the trial; after donepezil became available in clinical practice, there were more dropouts from the Nordic double-blind trial.
Donepezil was introduced to the California market in early 1997. Our state and Veteran's Affairs (VA)-funded California study collected these data from January 1, 1998 through June 30, 2004. Thus, during the initial part of this study, practice guidelines for donepezil were not available. Many physicians were cautious about prescribing donepezil because of adverse experiences associated with tacrine (Cognex), the only other FDA-approved ChEI available at that time. Donepezil use in California increased during the study period; analyses were done to factor in these changes in prescribing patterns.
METHODS

Study Design
This study was designed to amass data from a prospective, longitudinal, multisite, observational study in California that could be directly compared to data from the Nordic RCT. 3 In both studies, the diagnosis of AD was consistent with the National Institute of Neurological and Communicative Disorders and Stroke-AD and Related Disorders Association criteria for probable or possible AD and Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria for AD 6, 7 Men and women between 40 and 90 years of age were included. Patients had to have mild to moderate AD confirmed by a Mini-Mental State Exam (MMSE) score of Ն10 and Յ26, 8 sufficient physical abilities to participate in the initial outpatient diagnostic process, and a caregiver who agreed to participate in the research and either lived with or closely monitored the patient. No patients could be taking donepezil or any other ChEI at their baseline assessment or during the prior four weeks.
After baseline assessment, each patient's physician determined treatment, including whether or not donepezil was prescribed according to his or her usual criteria. Patients were identified for the study after they completed a baseline assessment and a follow-up evaluation two or more months later when their treatment status was reconfirmed. All patients were expected to participate in a structured clinic reassessment about one year after baseline. Depending on their clinical status, some patients were seen more frequently during the study period. Patients who took any experimental drug, any other ChEI, or memantine throughout the study period were excluded from the final analyses.
Study Sites
The The ARCC sites have been closely collaborating and using common research data collection protocols (Minimum Uniform Data Set [MUDS]) for over 10 years. 9 Data are processed centrally through the Institute for Health and Aging at the University of California in San Francisco. To increase intersite reliability and accuracy, training and recalibration exercises are held with case reports, videos, and autopsy findings. 10, 11 The VA-MIRECC sites are also directed by ARCC consortium investigators and also use MUDS protocols. Patients reside in the surrounding communities and many remain under the care of their primary physicians.
All sites follow some of their patients to autopsy and systematically determine correlations between premorbid clinical diagnoses and neuropathological findings. Because of resource limitations and the realities of clinical research, however, dropouts from longitudinal study efforts are often considerable. All sites are experienced in conducting National Institutes of Health-and industry-sponsored collaborative trials of anti-AD medications. The study was part of ongoing multisite research collaborations. These are carried out in accordance with all applicable Institutional Review Board requirements.
Outcome Measure
The outcome measure of this California study was the 30-point MMSE, 8 which was also used in the Nordic study as a secondary outcome. The MMSE has been used extensively in dementia and drug research; it provides a longitudinal "benchmark" that is understood by clinicians from different countries 12 and has been evaluated psychometrically.
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Statistical Analysis
For the primary outcome measure, a t test was done to test for differences between the donepezil and nodonepezil groups in one-year change. Supplementary data analyses, based on propensity methods, 14 were carried out to address the observational nature of this study in which assignment to treatment is nonrandom. Propensity methods match patients on baseline characteristics that predict the propensity for an individual to receive one treatment over another. 15 If, for example, patients with higher baseline MMSE scores are more likely to be prescribed donepezil than patients with lower scores, then it is important to match on baseline MMSE when contrasting treated versus untreated groups, especially in view of past studies documenting that the initial MMSE value affects rate of decline in MMSE scores. 16 There are several methods for identifying which baseline characteristics predict treatment group membership, including logistic regression, discriminant analysis, and signal detection theory (SDT). We chose SDT because it can identify systematic differences in baseline characteristics, does not assume variables are normally distributed, and will identify interactions among baseline characteristics. 17, 18 For example, the degree to which initial MMSE predicts treatment status may depend on the patient's age. Details of the results based on propensity matching are presented below, following descriptions of the donepezil treatment and nondonepezil groups, and the overall differences in one-year outcome. Data analyses were performed using SAS version 9.1. The SDT analyses were done with receiver operating characteristic (ROC) procedures that are publicly available at http://mirecc.stanford.edu.
RESULTS
A total of 502 patients (of whom 421 [83.9%] had probable AD and 81 had possible AD) entered the study. Their baseline characteristics are summarized in Table 1 . At entry, concomitant medications were being taken by 212 of 241 (88.0%) patients in donepezil treatment group and 217 of 261 (83.1%) in nodonepezil group.
As summarized in Figure 1 , 241 of the 502 patients were prescribed donepezil by their physician according to his or her usual criteria and 261 were not. At the 1-year follow-up period, 148 of the donepezil treatment group and 158 of the nondonepezil group had completed the study (Figure 1 ). To be a study completer, the patient needed to have an MMSE score 10 to 18 months after the baseline visit. The most common reasons for patients to not complete the study protocol were: 1) they did not return for an in-clinic assessment until after the 18-month end of study date; 2) they did have a clinic or phone assessment during the study period, but a MMSE score was not obtained because of resource or other limitations; 3) the donepezil treatment patients stopped taking donepezil, switched to another CHEI, or added memantinel; and 4) the no-donepezil treatment patients started taking a CHEI or started an experimental drug.
In investigating completer versus noncompleter biases using ROC analyses, we found that the biases were primarily due to time of study entry and site factors rather than clinical characteristics. Specifically, one site had a disproportionate number of noncompleters in both donepezil and no-donepezil groups; at this site, no-donepezil subjects were more likely to be a study completer if their baseline visit occurred prior to 2001. Analyses indicated that inclusion of this particular site did not bias overall results. In view of the fact that there were no significant clinical differences between completers and noncompleters, the remainder of the results will focus on the 306 study completers.
Comparison of Donepezil and No-Donepezil Groups
As indicated in Figure 2 , the 148 California patients who completed the study and received donepezil treatment had an average one-year decline of 
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1.3 points (3.5 SD) on the MMSE compared to a 3.3-point (4.4 SD) decline in the 158 completers who received no donepezil or other anti-AD drugs during the study period. This difference was statistically significant (t 304 ϭϪ4.32, p Ͻ0.0001). By comparison, the annualized MMSE decline in Nordic sample was about 0.25 for the 91 donepezil patients who completed the trial and about 2.2 for 98 placebo completers. The overall effect sizes of these treatmentassociated differences were estimated at about 0.49 in both the California and the Nordic studies.
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Propensity Analyses
Despite the comparable effect sizes of the two studies, it is important to identify biases in nonrandomized studies that might affect whether patients were in a given treatment group or not. In this present study, for example, patients who were prescribed donepezil had baseline MMSE scores that were 1.8 points higher on average than those who were not prescribed donepezil.
In addition, patients were somewhat less likely to be prescribed donepezil regardless of their clinical characteristics in the earlier years of this study when donepezil prescribing was less widespread. As described below, a modest donepezil-associated benefit remained when these and other baseline differences were taken into account.
The first step of the propensity analysis was to identify baseline characteristics that significantly influenced the likelihood or propensity of whether or not donepezil was prescribed. We used ROC classification tree methods with a p value of Ͻ0.01 to identify variables suggested by the literature that might explain whether or not they were prescribed donepezil. These 27 variables included both patient characteristics, such baseline cognitive status (MMSE), age of disease onset, comorbid illnesses, concomitant medications, years of education, sex, marital status, relationship with caregiver, living arrangement, and veteran status, as well as nonpatient characteristics, such as date of baseline assessment and study site.
The ROC tree analysis indicated that the first (strongest) branching variable predicting donepezil prescription was the date of the baseline assessment; patients prescribed donepezil were more likely to have their baseline in 2000 or later. There was a second branch within the group seen before 2000, in which patients who had no significant comorbid illnesses were more likely to be prescribed donepezil than those who did. The ROC identified no other significant variables predicting donepezil prescription.
We then stratified all patients into the above three propensity groups that differed in characteristics associated with donepezil prescribing; 1) patients seen in 2000 or later; 2) patients seen before 2000 who had no comorbid illnesses; and 3) patients seen before 2000 with one or more comorbid illnesses. A total of 59.3% (96 of 162) patients in propensity group 1 were prescribed donepezil, 53% (28 of 53) in group 2, and only 26% (24 of 91) in group 3.
In each propensity group, patients who received donepezil declined less than patients who were not prescribed donepezil. The estimated treatment effect size was 0.37 for propensity group 1, 0.19 for propensity group 2, and 0.79 for propensity group 3. A 2 ϫ 3 analysis of variance was used to compare differences in MMSE decline across the six groups (donepezil versus no donepezil, stratified by propensity). The differences in rate of decline according to the propensity grouping were not significant (F 2,300 ϭ2.10, pϭ0.12). The difference in decline associated with donepezil was significant (F 1,300 ϭ12.39, p Ͻ0.001). Third, the propensity ϫ donepezil interaction was not significant (Fϭ1.66, pϭ 0.19), indicating that the benefit associated with donepezil was comparable within groups of AD patients matched for their likelihood of being prescribed donepezil. Taken together, these results indicate that the modest benefit associated with taking donepezil remained after taking into account the lack of randomization to treatment.
DISCUSSION
This one-year observational study supports the effectiveness of donepezil treatment on cognitive function in some California AD patients who were selected to have clinical and ethnic characteristics similar to patients in the Nordic randomized clinical trial. 3 The magnitude of the positive effects with donepezil was smaller in the California study: the one-year MMSE decline in California sample was ϳ1.3 for patients prescribed donepezil and ϳ0.25 for Nordic patients receiving donepezil. However, the effect size of the differences between donepezil versus no donepezil in both studies was about 0.49, or one-half of a standard deviation. Thus, our analyses indicated that results from the Nordic RCT can be predictive with AD patients in clinical practice if appropriate methodological and statistical precautions are considered. The differences in rate of MMSE decline between the two studies may result from a combination of factors such as differences in concomitant medications, comorbid conditions, frequency of monitoring, and medication compliance.
In this California study, the patients and their caregivers knew that donepezil and other drugs would be prescribed in accordance with their physician's usual clinical practices. This meant that some California patients received medications with anticholinergic or other psychoactive properties that could interfere with the effects of donepezil. 20 The Nordic patients knew their study medications would be randomly assigned, and their use of other medications would be restricted. The California patients also were less restricted in terms of comorbid medical problems; they could have other illnesses if their physician felt they might benefit from donepezil treatment. The Nordic trial excluded certain medical conditions such as obstructive pulmonary disease and asthma.
Some California patients had one or more interim clinic visits or phone follow-ups before their one-year reassessment, but in general, they received less monitoring and less frequent repeated administrations of the MMSE, with its known practice effects, than the Nordic patients. 21 In the Nordic study, the patients agreed to four scheduled in-clinic follow-up assessments and they knew they would receive randomly either donepezil or placebo. 3 With less scheduled attention, the California patients who were prescribed donepezil may have been less compliant. Within the California study, patients prescribed donepezil were more likely to have interim clinic visits than those who did not receive donepezil. This could have contributed to their somewhat better 1-year scores. These various considerations may explain the differences found between the Nordic and California results.
These differences can also be considered in the context of a randomized, placebo-controlled one-year U.S. clinical trial of donepezil that had more restrictive entry criteria than either the California or Nordic studies. 22 The MMSE scores for both donepezil and placebo groups were generally better throughout this U.S. trial than in the Nordic or California studies. These MMSE variations underscore the importance of methodological details in interpreting study results.
One limitation of this California study was the possibility of biases due to the high dropout rate. In all, 39% of the California patients did not complete the study. The Nordic study had a noncompletion rate of about 33%, with the largest portion of dropouts occurring later in the trial when donepezil became clinically available. In this California study, study completers and noncompleters did not differ significantly in their baseline clinical characteristics. Although there were two nonclinical factors associated with completing the study-site differences and time of study entry-analyses indicated that these factors did not bias overall results. Taken together, these findings indicate it is unlikely that the factor of noncompleters significantly impacted the California results. We did not perform "intention-to-treat" analyses in this study because, in conditions like Alzheimer disease where deterioration over time is likely, carrying forward the last observation is problematic. Interpreting differences between active and placebo groups is especially problematic if treated patients tend to drop out early because of unpleasant side effects and relatively high cognitive scores are carried forward to the endpoint. The side effects reported by patients prescribed donepezil were similar to those reported in the Nordic and other studies: mainly nausea or other gastrointestinal symptoms, mild depression, and vague anxiety or agitation.
An additional limitation of this California study is nonrandomness of prescribing, in that each patient's physician decided by his or her usual criteria whether or not to treat with donepezil. Nonrandom prescribing may result in two groups that differ substantially in either clinical or nonclinical factors, which may in turn lead to a biased estimate of a treatment effect. To gain a clearer picture, not biased by baseline differences, we conducted propensity analyses.
14,15 Propensity analyses have similarly been used in cardiology and cancer research to examine patient outcomes in clinical practice, when matching on key baseline characteristics is also important. 23 When we performed these propensity analyses, the statistical significance of the donepezilassociated benefit remained. The effect size of donepezil, which was estimated at about 0.49 in both the California and the Nordic studies, may be viewed as small to moderate in terms relevant to clinical practice. 24 A related limitation of this California study is that MMSE testing was not done blind to treatment status, as is done in randomized clinical trials. The effect size is often exaggerated in observational studies, including nonblinded studies, compared to randomized clinical trials that address the same research question. 25 Importantly, the effect sizes in this California observational study were not larger those of the Nordic randomized clinical trial. One advantage of this observational AD treatment study is that the results probably generalize into a typical clinical practice more directly than results from RCTs. RCTs often have exclusionary criteria that screen out a number of patients typically seen in ordinary clinical practice. 4, 26 In addition, some patients who fulfill all entry criteria for a RCT are unwilling to participate in a RCT where they may not receive active medications. 27 It is usually easier to enroll a more representative sample of patients into studies where they are assured of getting whatever treatment their individual physician thinks is best for them. Thus, more representative patient samples in observational studies may partially offset the inherent advantages of RCTs in which most biases are intrinsically minimized. Consequently, observational studies can provide useful information on what a typical physician can expect in his or her clinical practice if appropriate procedures, such as propensity analyses, are utilized to assure that nonrandom factors do not significantly bias the findings. When we completed these analyses, our one-year California study indicated that donepezil treatment does have modest effectiveness in AD patients having clinical and ethnic characteristics similar to those of the Nordic RCT.
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